This study intends to understand how disaster is related to countries' production efficiency using a sample of 137 countries over 1980-2011. We analyze the effect of the number of man-made and natural disaster occurrences on countries' technological change (swift of the frontier) and technological catch-up (distribution of efficiencies). The results reveal an inverted "U" shape relationship between countries' technological change and technological catch-up with disaster occurrences. This finding suggests that the effect on countries' production efficiency is positive for lower number of disaster events; however, after a specific threshold value, the effect becomes negative. The results also reveal that low-income countries are negatively affected much quicker compared to high-income countries. Finally, it is evident that the negative effect of disaster occurrences impacts first countries' technological catch-up and then their technology change.
relatively small as recovery process is easily managed. In contrast when the disaster occurrences increase significantly, then there might be much less time for efficient decision making and as a consequence productivity decreases. If that is the case, an inverted "U" shape relationship between productivity and disaster occurrences can be observed. However, another possibility is that productivity can be increased by a creative reconstruction when there are significant damages to the economy after an increased number of disaster occurrences. In addition, there is the possibility that for a small number of disaster occurrences (as well as for small disaster impacts), productivity might decrease since it is expected that there will be no change in industrial composition. In this case, a "U" shape relationship between productivity and disaster occurrences could be seen from the data. This paper aims to provide empirical evidence examining such relationships in a global level. This is the first study which presents empirically the underline mechanism of how disaster is related to countries' productive efficiency and consequent productivity change using global data.
Specifically, our study contributes to the existing literature by investigating for the first time the effect of man-made and natural disaster occurrences on countries' production efficiency levels. Specifically, we apply time-dependent conditional efficiency measures in a nonparametric framework (Mastromarco & Simar 2014 ). Then we utilize a newly developed approach introduced by Bădin et al. (2012) to a sample of 137 countries over the period of 1980-2011. In that respect, our paper examines in a dynamic framework the effect of disaster events on countries' technological change (swift of the frontier) and on countries' technological catch-up (distribution of efficiencies). Finally, our nonparametric framework does not assume any specific functional relationship of countries' production process and therefore provides us with the ability to reveal any nonlinear relationships which may exist.
The structure of our paper is as follows. Section 2 describes data and methodology while Section 3 presents the results. Finally, the last section concludes the paper.
Methods

Data description
For our methodological framework, we are using as countries' input factors capital stock at current PPPs (in millions 2005US$) and labor force (in millions), whereas, our single output is the output-side real GDP at chained PPPs (in millions 2005US$). Our data sample contains 137 countries (38 high-income, 24 upper-middle-income, 35 lower-middle-income, and 40 lower-income countries) 1 over the period 1980-2011 (see "Appendix" for details). The input and output variables have been extracted from Penn
World Table v8 .0 (Feenstra et al. 2013 ).
2 Moreover, the external variable affecting countries' production process is the number of man-made and natural disasters. 3 The data on countries' disasters as a unit of disaster event number in each country are obtained from the Emergency Events Database (EM-DAT) from the Centre for Research on the Epidemiology of Disasters (CRED). 4 Finally, Table 1 below provides diachronically the descriptive statistics of the variables used. CRED collected each event for many countries over the long periods. As data collection starts from different year by country, it is unbalanced panel data. We choose our study periods to create balanced panel data to measure productivity. The database is part of our comprehensive database called World Resource Table ( WRT) (see Miyama & Managi 2014; . WRT includes all related data and intends to update once new version available (Yang et al. 2015) .
Methodology
In order to measure a country's production efficiency, let X∈ℜ p þ and Y ∈ℜ q þ be the input and output vectors, representing total labor force and capital stock the inputs and GDP the outputs. Furthermore, let Z ∈ ℜ d be the vector of the environmental variable (the number of man-made and natural disaster occurrences). We can define the unconditional attainable set as:
which according to Daraio and Simar (2005; 2007a) can also be characterized as:
where
Then the output oriented Farell-Debreu technical efficiency can be defined as:
where S Y|X (y|x) = Prob(Y ≥ y|X ≤ x). Mastromarco and Simar (2014) suggested that dynamic effects can be captured when incorporating time T as an extra conditional variable along side with Z (i.e., the number of man-made and natural disaster occurrences). Then the attainable set can be defined as Ψ z t ⊆Ψ t ⊂ℜ pþq þ , and its distribution can be characterized as:
Then a country's conditional output oriented technical efficiency level x; y ð Þ∈Ψ z t at time t facing the effect of disasters z can be defined as:
Moreover, based on Daouia and Simar (2007) , the robust versions of the production efficiency estimates can be calculated (known as Order-α quantile efficiency measure) for any α ∈ (0, 1) as:
Then the time-dependent conditional Order-α quantile efficiency measure can be defined as:
where S t Y jX;Z y ð jx; zÞ ¼ Prob Y ≥y ð jX≤x; Z ¼ z; T ¼ tÞ . According to Daraio and Simar (2007b) , robust efficiency measures are not so sensitive to outliers and they are not suffering from the curse of dimensionality. Furthermore, the conditional efficiency measures 5 presented in (5) and (6) assume that the separability condition between the inputs, outputs, the time, and the disasters does not hold, implying that time and the number of disaster occurrences influence directly the shape (the boundary) of the attainable set. 6 In order to calculate the original and the time-dependent conditional efficiency scores, we apply data envelopment analysis (DEA) estimators. In Equations 1 and 3, we assume variable returns to scale (VRS) to account for size differences among countries. Whereas for the robust frontiers (Equations 4 and 5), we follow the suggestion made by Bădin et al. (2012) and we apply a median quartile (α = 0.5) rather than the extreme quartiles (α = 0.9, α = 0.95). This in turn will enable us to investigate the effect of time and the number of disaster occurrences on the distribution of inefficiencies. In contrast, the analysis with the full frontiers enables us to investigate the effect of time and the number of disaster occurrences on the frontier. 7 Finally, by following Bădin et al. (2012) , we construct two ratios from the efficiencies calculated from the full and the partial frontiers as:
Then by applying a local constant nonparametric regression on the above ratios, we can determine the effect of time and the number of disaster occurrences on the boundary-swift of the frontier (for the case of full frontier: Q) and on the distributions of countries' efficiencies (for the case of partial frontier: Q α ). For our analysis, we are using local constant techniques, and for bandwidth selection, we apply the least squares cross-validation (LSCV) criterion as described in (Hall et al. 2004; Li & Racine 2007 ). An increasing regression line indicates a positive effect on countries' technological change (shift on the frontier) and on the distribution of their efficiencies (technological catch-up). However, the opposite indicates an unfavorable effect.
3 Results and discussion Figure 1 illustrates graphically countries' production efficiency curves both for conditional and unconditional cases over the period 1980-2011. 8 The results presented are based on countries' income classification and are obtained under the assumption of variable returns to scale (VRS). 9 Figure 1a examines the original production efficiency scores over the examined period. It indicates that there was a trend towards similar levels of production efficiencies for high-income and upper-medium-income countries over the period 1980 to 1996. However, after this point, there is evidence that countries' production efficiency levels divert. A similar phenomenon is also observed for the larger period for lower-mediumand lower-income countries. However, after 2007, it appears that there is a trend towards similar efficiency levels. Figure 1c presents countries' the original production efficiency estimates of the Order-α frontier. Since these estimates are not bounded by 1, then we observe extremely high efficiency scores compared to the full frontiers (i.e., VRS frontier in our case).
The results show that high-income countries have steadily increased their efficiency estimates over the years with a production efficiency stabilization period from 2007 to 2011. This might be attributed due to the initiation of Global Financial Crisis. Furthermore, as can be observed, there is a trend of similar production efficiency levels for upper-medium and lower-medium income countries (especially over the period [2006] [2007] [2008] [2009] [2010] [2011] , whereas lower-income countries appear to increase their production efficiency levels over the years but with lower estimated efficiency scores compared to the other three income groups.
Furthermore, Fig. 1b, d presents diachronically countries' efficiency curves when accounting both for the number of disaster occurrences and time (i.e., time-dependent conditional efficiency estimates). For the case of full frontiers (Fig. 1b) , we can find that high-income countries have greater efficiency scores compared to the other three groups. It is also observed that under the effect of time and the number of disaster occurrences, lower-medium and lower-income countries' production efficiencies have similar trend from 1980s to early 1990s. However, after that point, a trend of similar efficiency levels is observed between upper-medium-and lower-medium-income countries, whereas the group of lower-income countries seems to divert in terms of their production efficiency levels. For the case of robust measures (Fig. 1d) , again it is observed that the group of high-income countries has significant higher time-dependent conditional efficiency scores compared to the other three groups. Finally, when examining the group of high-income countries both for the full (Fig. 1b) and partial frontier (Fig. 1d) , we observe that during the 1990s, their efficiency levels have decreased. This phenomenon is more pronounced when looking the conditional robust estimators. Since these two graphs account directly for the effect of time (alongside with the effect of the number of disaster events), our finding supports the findings by Marone (2009) that during the 1990s, high-income countries have decreased their growth rates. This in turn reflects upon their conditional efficiency estimates. Regardless, the efficiency gap between high-income countries and the other groups remains. Furthermore, the trend of similar levels of production efficiencies is observed between lower-mediumand lower-income countries. Clearly we can observe from Fig. 1 that when we account both for the effect of time and disasters, countries' production efficiency curves seem to be highly fluctuated, this is especially more intense for the case of high-income countries.
In addition to the previous finding, Fig. 2 examines both the time-dependent conditional and unconditional efficiency estimates of the seven major economies (known also as G7) both under the full and robust frontiers. Specifically under the full frontier (Fig. 2a) , USA is reported as the top performer. It seems that there was a similar level of efficiencies with the GBR at early 2000s, but after that period, a diversion of efficiencies is reported. Furthermore, it seems that DEU, FRA, ITA, and GBR have similar production efficiency levels especially during the beginning of Global Financial Crisis (i.e., 2008 to 2011), with JPN to divert slightly from that group. Under the robust frontier analysis (Fig. 2c) , the results are different.
USA again outperforms the other countries with an increasing efficiency trend up to the beginning of Global Financial Crisis. Then the second performer is JPN, whereas, it appears the existence of similar efficiency levels among the European countries (DEU, FRA, GBR, and ITA). Finally, the last performer is CAN which seems to divert from the European group. Figure 2b , d is presented here only for the purpose of comparison and to demonstrate how the effects of time and disasters influence the largest economies' production efficiency curves. In both cases (i.e., for the full and robust frontiers) and in comparison with the original estimates, it is observed that G7 countries' efficiency curves are highly fluctuated under the effect of time and disaster events presenting a highly nonlinear path.
There is only one exception and that is the case of the USA, which appears to have a fairly steady increasing production efficiency path in the longer part of the examined period. This indicates that the USA responds better to man-made and natural disasters compare to the other economies (with the exception over the period 1980 to 1987).
In order to investigate the effect of time and disasters on countries' production efficiency, we follow the approach by Bădin et al. (2012) by presenting the threedimensional pictures of the joint effect. The left-hand side (Fig. 3a, c , e, g, and i) on Fig. 3 represents the effect of time and the number of disaster occurrences on countries' technological change (shifts in the frontier), whereas the right-hand side (Fig. 3b, d , f, h, and j) represents the effect on countries' efficiency levels (technological catch-up). The overall picture suggests that there is a nonlinear relationship between the number of disaster occurrences and countries' productive efficiency levels. Specifically, when examining the entire sample (Fig. 3a, b) , an inverted "U" shape between countries' technological change and technological catch-up with disasters is revealed.
This finding suggests that lower number of disasters tend to increase countries' technological change and technological catch-up up to a certain point. After that point (threshold number), the effect is negative. The positive effect maybe attribute to the fact that for lower number of disasters, countries engage restructuring and investment, which in turn accelerates both their technological change and technological catch-up levels. In fact, this finding is in the same lines with Skidmore and Toya (2002) that the disaster occurrences are positively correlated with economic growth. Other studies (McDermott et al. 2014; Raddatz 2007; Noy 2009 ) suggest that the overall effect of disasters is negative; however, mild disaster shocks can stimulate reconstruction activity and can impact positively countries' economic growth. In our case, the negative influence maybe attribute due to the fact that a large number of disaster occurrences or small number of disasters with high impact can have a negative impact on countries' production factors which reflects on their technological change and technological catch-up levels. Also it must be mentioned that the threshold value in which the influence from positive becomes negative is much lower for the case of technological catch-up (i.e., 15 disaster occurrences) compared to technological change (i.e., 25 disaster occurrences). This suggests that the negative influence of the number of disaster occurrences first affects countries' production efficiency and then their technological change levels. The effect of time is positive for the Fig. 3 a-j The effect of disasters and time on countries' production efficiency levels case of technological change indicated by an increasing nonparametric line. For the case of technological catch-up, the effect is positive for the larger period; however, towards the Global Financial Crisis, the effect becomes rather neutral on countries' technological catchup levels. Finally, it must be emphasized that according to McDermott et al. (2014) , the combination of the type and severity of the events along side with countries' socioeconomic characteristics is very crucial and can shape the effect of disasters on countries' efficiency levels. 10 In our case and in order to account for countries' different economic characteristics, we continue our analysis in a similar manner into four subsamples which are based on their income characteristics (high-income countries (Fig. 3c, d) ; upper-middle-income countries (Fig. 3e, f) ; lower-middle-income countries (Fig. 3g, h) ; lower-income countries (Fig. 3i, j) ). It is evident that regardless of countries' different income levels, the effect of time and the number of disasters on countries' technological catch-up and technological change is similar compared to our previous findings. However, an interesting observation is that the turning points (i.e., the threshold values) which the effect turns form positive to negative both for countries' technological catch-up and technological change is based on countries' income level. For instance, when examining the group of highincome countries, we can observe that the turning point of the effect on technological change (Fig. 3c) is 39 disaster occurrences, whereas, of the effect on technological catch-up (Fig. 3d) is 20 disaster occurrences. However, for the upper-middle-income countries (Fig. 3e, f ) , the critical points are indicated for 12 and 10 disaster occurrences, for lower-middle-income countries (Fig. 3g, h ) for 20 and 17 disaster occurrences, and finally, for lower-income countries (Fig. 3i, j) for 20 and 8 disaster occurrences. This finding suggests that higher-income countries have higher turning points compared to the rest of the country groups. This can be attributed to the fact that lower-income countries' are not able to respond to disasters in the same way as high-income countries, and as a result, the negative effect comes quicker for those countries. Noy (2009) provides evidence that the disaster effects are more severe for countries with a weak financial sector. Therefore, since high-income countries have stronger financial sectors compared to the lowerincome countries, the negative effect of disaster occurrences impacts first the lowerincome countries. Moreover, it is also evident that for all the country groups, the turning points for the effect on technological catch-up are much lower compared to the turning points of the effects on technological catch-up. This finding as has been mentioned previously implies that regardless of the income level of a country, the negative effect of disaster occurrences impacts first country's ability to catch-up and then its technology change.
Finally, when examining the effect of time, it is observed that in most of the cases, the influence is positive but in a nonlinear manner. Two exceptions can be observed for the case of upper-middle-and high-income countries' technological catch-up (Fig. 3f, d) , in which the effect of time is neutral especially during the initiation period of Global Financial Crisis. 
Conclusions
We examine the effect of the number of man-made and natural disaster occurrences on countries' production efficiency levels in a fully nonparametric framework to a sample of 137 countries over the period 1980-2011. Specifically by applying the newly developed time-dependent conditional efficiency measures by Mastromarco and Simar (2014) and the methodological approach by Bădin et al. (2012) , we examine the effect of disaster occurrences on countries' technological change and technological catch-up. To our knowledge, this is the first study that examines the relationship between disasters and countries' production efficiency in a fully nonparametric framework.
The empirical findings suggest that the relationship is nonlinear forming an inverted "U" shape both with countries' technological change and technological catch-up. Furthermore, the results suggest that this inverted "U" shape relationship is revealed regardless of countries' income classification. Moreover, the results indicate that a lower number of disaster occurrences have a positive influence on countries technological change and technological catch-up due to possible stimulation of restructuring and investment policies imposed by governments as counteractions of those events.
However, it is also evident that after a certain threshold level (i.e., certain number of disaster occurrences), the effect becomes negative influencing countries' production factors. Since the study investigates the effect of the number of disaster occurrences (and not the effect generated by the specific type and severity of the disasters), when the number of disaster occurrences increases, then the probability of having high impact disasters within those occurrences also increases. This in turn indicates a clear negative effect on countries' technological change and technological catch-up levels. Furthermore, our findings suggest that the turning points are much lower for lowerincome countries indicating that these countries suffer more from the negative impact of disasters. Finally, it is also shown that regardless of countries' income classification, the negative effect of the number of disaster occurrences influences first countries' efficiency and then their technological change levels.
Finally, an extension of our work which is left for future research can be focused on the examination of specific types of natural and man-made disasters on countries' production process controlling also for countries' differences on their industrial compositions and alongside with other country-specific characteristics (i.e., countries' institutional quality). From the methodological point of view and in the framework of nonparametric frontier analysis, the proposed future research can be approached either by double bootstrap semi-parametric approaches (Simar & Wilson 2007) or by the more flexible conditional directional distance functions (Simar & Vanhems 2012; Daraio & Simar 2014) .
Endnotes
1 The income classification is based on IMF, which is available from http://www.imf.org/external/pubs/ft/weo/2014/02/weodata/weoselgr.aspx 2 According to (Johnson et al. 2013) , the previous PWT versions have suffered from valuation problems. However, according to (Feenstra et al. 2013) , the new version of PWT (v8.0) is more consistent over time and more transparent in its methods. The data is available from www.ggdc.net/pwt. 3 The events from natural disasters contain climatic disasters (i.e., drought, extreme temperatures, floods, storms, mass movement wet and wild fire), geologic disasters (i.e., earthquakes and volcanic eruptions) and biologic disasters (i.e., epidemics disasters and disasters derived from insects). The events from man-made disasters contain complex disasters, industrial accidents, miscellaneous accidents, and transport accidents. 
